Enhancement of arsenic trioxide-induced apoptosis in renal cell carcinoma cells by L-buthionine sulfoximine.
Arsenic trioxide (As2O3) induces clinical remission in acute promyelocytic leukemic patients and apoptosis in various tumor cells in vitro. To develop As2O3-based combination chemotherapy for renal cell carcinoma (RCC), we investigated the cytotoxic effects of As2O3 in combination with chemotherapeutic agents or L-buthionine sulfoximine (BSO), a glutathione (GSH) synthesis inhibitor. Cytotoxicity and synergy were assessed by the MTT assay and isobolographic analysis, respectively. Apoptosis was monitored by Hoechst 33342 staining, flow cytometrical analysis, and DNA fragmentation assay. Treatment of ACHN cells with As2O3 in combination with adriamycin, vinblastine, or 5-fluorouracil induced an antagonistic effect. However, combination treatment with As2O3 and BSO resulted in a synergistic cytotoxic effect. Synergy was also obtained in Caki-1, Caki-2, NC65 cells and freshly derived RCC cells from 6 patients. Simultaneous treatment of ACHN cells with As2O3 and BSO caused significantly more cytotoxicity than the As2O3 first BSO second or the reverse treatment. We further explored the mechanisms underlying this synergistic effect and found that the synergistic cytotoxicity of As2O3 and BSO was realized by inducing apoptosis. This combination markedly decreased intracellular GSH content and GSH-S-transferase (GST) activity. However, neither the intracellular GSH nor GST was decreased by As2O3 with adriamycin, vinblastine, or 5-fluorouracil. Furthermore, the GSH-increasing agents N-acetylcysteine and lipoic acid significantly inhibited the combined cytotoxicity of As2O3 and BSO. These findings indicate that BSO sensitizes RCC cells to As2O3-induced apoptosis through the down-regulation of the intracellular GSH redox system, suggesting the potential application of a combination of As2O3 and BSO for the treatment of RCC.